Infections caused by the nematode Trichinella spiralis (T. spiralis) are chatacterized by an inflammatory response in the host. The aim of this study was to identify and evaluate markers for monitoring mice infected with T. spiralis and treated with or without mimosine. The markers that have been used were total and differential white blood cell counts, subpopulations of lymphocytes, serum tADA and its isoenzymes ADA1 and ADA2 activity. The study included 3 groups of BALB/c mice. Group A consisted of 16 healthy mice, Group B of 16 mice infected with T. spiralis and treated with saline, and Group C of 16 mice infected with T. spiralis and treated with mimosine. The measurements were made once per week for the first six weeks continuously following the infection. According to our results, leukocytosis, lymphocytosis and increased percentages of adhesion molecules and CD4 lymphocytes were present in groups Band Cone week post-infection. Total ADA activity as well as ADA1 and ADA2 was higher in groups Band C versus group A from the first week post-infection. The levels of tADA activity, ADA1 and ADA2 were higher in group B compared to those of group C and the difference was statisticaly sigificant (p<O.OS) during the 4 th week post-infection. The majority of tADA activity, essential for an efficient immune response, was derived from ADA1 which may have been produced by infected tissues. The elevated activities of tADA and ADA1 may be sensitive markers for infection of T. spiralis and for monitoring the course of the·infection.
Of various metabolic processes in parasites, the purine salvage pathways have been considered one of the key targets for anti-parasitic chemotherapy, due to the lack of de novo purine nucleotide synthesis among all the parasites studied thus far (8) . The purine salvage pathways differ widely among different parasites as to their complexity, thus adding considerable ambiguities in selecting and validating a specific salvage enzyme (9) .
In this study, in order to diagnose this kind of infection, serum adenosine deaminase (ADA) activity measurements have been used. Adenosine deaminase (ADA; EC3. 5.4.4.) participates in the degradation ofpurines by catalysing the conversion of adenosine to inosine and deoxyadenosine to deoxyinosine (10) . Two isoenzymes of total ADA (tADA), ADA 1 and ADA2 have been described. Adenosine deaminase is present in serum and in most tissues, particularly lymphoid tissues. ADA activity is highest in T lymphocytes and macrophages, and it has been suggested that ADA activity is related to immune competence (11) (12) .
A plant amino-acid (beta-N-[3-hydroxy-4pyridone]-alpha-aminopropionic acid), mimosine, has been reported, that inhibits cell cycle traverse in the late G 1 phase prior to the onset of DNA synthesis and identifies a previously undefined reversible cell cycle arrest point (13) (14) (15) . Also, it has been detected that mimosine has antiinflammatory properties (16) (17) .
The aim of this study was to identify and evaluate markers for monitoring mice infected with T. spiralisand treated with or without mimosine.
The markers that have been used were total and differential white blood cell counts, subpopulations of lymphocytes and activity of serum tADA and its isoenzymes ADAI and ADA2.
MATERIALS AND METHODS

Animals (experimental protocol)
The study included 3 groups of BALB/c mice (S. Morini, S. Polo D' Enza, RE Italy), raised under the same environmental conditions. Group A consisted of 16 healthy mice, group B of 16 mice infected with T. spiralis and treated with saline, and group C of 16 mice infected with T. spiralis and treated with mimosine.
On the day of infection, the animals of groups B and C were given per os, after a one day fast, a single dose of 150 L 1-T. spiralis. Briefly, T. spiralis parasites were maintained by continuous passages through BALBI c mice. For the experiment, 10 infected mice were sacrificed and the encysted L 1-T. spiralis of the diaphragmatic tissue, were counted by trichinoscopy (x50 enlargement).
Group B : i.p. administration of saline (100 j.L1I dose).
Group C: intraperitoneal (i.p) administration of 250 gil 00 \Idose of L-mimosinee (18) (cat.nu.M0253,Sigma Chimica, Div. Sigma-Aldrich, S.r.I. Milano, Italy).
The treatment with the compound L-mimosinee and saline started five days before infection and continued for 20 consecutive days p.i.
Blood samples (100 u.l/mouse) were collected from an ocular vein in a syringe once a week for six weeks post-infection.
Histological study
Conventional methods were used for histopathology. Tissue specimens of the diaphragm were fixed in 10% buffered formalin, embedded in paraffin, sectioned at 5m, and stained with hematoxylin and eosin.
White blood cell counts.
Blood was collected by an ocular vein. Total white blood cells were counted using a Coulter Micro DIF2 cell counter and the percentage of lymphocytes, neutrophils and eosinophils was determined automatically by cell counter.
Phenotype and Flow cytometric analysis
Lymphocyte phenotype analysis was performed on whole blood. The Q-Prep/Immunoprep lysing system was used which offers rapid, no-wash, standardized whole blood preparation from sample to sample. Each sample was prepared in precisely the same manner, so there was little opportunity for user-introduced variability, reducing inter-intra-laboratory variability of sample preparation. I00j.L1 of heparinized blood was incubated with 10j.L1 of fluorescein-isothiocyanate (FITC) or phycoerythrin (PE) -conjugated MoAbs for 30 min. at room temperature. After completion of the incubation, the immunoprep reagents were used. Thus, the red blood cells were lysed, then the lysing process was stopped and the cells were fixed. The MoAbs that have been used were: anti-mouse CD3, CD4, CD8, CD45R, CDI9, CD62L, CDI8, CDlib MoAbs (IMMUNOTECH). Isotype-matched control mAbs were used for negative staining. Stained cells were analysed by flow cytometry using a gate for lymphocytes.
Analysis ofthe cells for surface immunofluorescence was performed using an EPICS XLS flow cytometry.
Total ADA and its isoenzymes assays
The tADA activity and its isoenzymes were detected in serum of all mice before infection and during six weeks post infection.
Serum tAD A activity was measured by a spectrophotometer using adenosine as the substrate (Method by Giusti, 19) . The principle of this method is to measure the amount of ammonia liberated during the conversion of adenosine to inosine, using the Berthelot reaction. The results are expressed as U/L in the serum. One Unit of ADA is defined as the amount of enzyme required to release I urnol of ammonia per minute from adenosine at standard assay conditions.
Ocular vein blood specimens were collected; sera without hemolysis were used, because erythrocytes contain ADA activity and can falsely increase the ADA results for serum.
The activities of ADA2 and tADA in the presence or absence of 0.1 mmollL EHNA (erythro-9-(2hydroxy-3-nonyl)adenine, Sigma) were measured, and ADA I activity was calculated by substracting the activity of ADA2 from that of tADA activity. This method is based on the fact that ADA2 has greater resistance to inhibition by EHNA than does ADAI (20) .
Statistical analysis
Statistical analysis of the results was carried out using'? student's t test.
RESULTS
T. spiralis infected striated muscle fiber of mice
Histological studies were performed in order to confirm the infection of mice with T. spiralis. 
Number of total leukocytes, neutrophils, lymphocytes and their subpopulation
Total and differential white blood cell counts were performed on blood from experimental animals for six weeks following infection (Tab. I). The number of leukocytes presents an increase from the t 01 week post-infection in groups Band C. Leukocytes peaked around the 3 rd week for group B and the 4 th week for group C (Tab. I). The number of blood leukocytes remained significantly elevated at least up to the 6 th week post-infection in group B while in group C there was a decrease from the 5 1h week post-infection. The number of blood neutrophils began decreasing after the t st week, presenting the lowest value around the 4 th week, and remained decreased at least up to the 6 th Tab. I. Total number of leukocytes, neutrophils and lymphocytes in all groups during six weeks postinfection.
Week 
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- There is an increase of CD3+ in groups Band C from the 1th week to 4 th week post-infection while for CD4+ T cells there is an increase during 3 rd and 4 th week post-infection for groups Band C. with statistical significance to DISCUSSION those of group A (p<0.05). CD8+ Tcells presented small differences without any significance. Fig.  2.(b) shows the mean values and standard errors of percentage of CD19+, CD45R+. There was an increase in all these parameters from the first week in groups Band C. The peak of the values appeared around the 4 th week post-infection in groups Band C with statistically significant (p<0.05). Fig. 2(c) shows the mean values of percentage of CD62L+, CD 18+ and CD 11 b-. There was an increase in all these parameters from the 1st week in groups Band C. The peak of the values appeared around the 4rth week post-infection in groups Band C.
It is well recognized that certain naturally occurring purines can exert powerful effects on the immune system. The nucleoside adenosine is the best characterized of these purines, as both extracellular and intracellular adenosine have been shown, to affect almost all aspects of an immune response (8, 10) . Adenosine and its analogues can alter the course of a variety of immune-mediated/ inflammatory disease such as parasite diseases, rheumatoid arthritis, nephritis and other diseases (10) .
In the present study the effect of mimosine in mice infected with the nematode T. spiralis was Activity of serum tADA and its isoenzymes studied by analysing total and differential white ADA J and ADA2 blood cell counts, subpopulations oflymphocytes, Fig. 3 shows the mean values and standard serum tADA and its isoenzymes ADA I and ADA2 errors of tADA in all groups of mice during the six response against T. spiralis infection. weeks post-infection. The mean serum tADA T. spiralis infective larvae invade the small activity during the six weeks post-infection was intestine by migration through the mucosal epithelial significantly increased (p<0.05) in groups B and cells. The effector mechanisms which result in C compared to the healthy mice controls. During parasite expulsion are not fully understood, but it the 4 th weeks post-infection there was a significant is a generally held opinion that this is effected by increase in levels of tADA in group B compared to acombination ofalterations in intestinal physiology those of group C.
and Th2-mediated inflammatory responses (21) . ADAl and ADA2 activity (mean values and In the mouse host, the mesenteric lymph node standard errors) of all groups during the six weeks response to intestinal infection with T. spiralis, post-infection are shown in the Figs. 4 and 5 may involve a blended Th 1/Th2 response that is respectively. dominated initially by Th 1 cells and later by Th2 The mean serum ADA 1 activity during the cells (22) . A successful host response to the enteric six weeks post-infection was significantly increased phase of the parasite appears to require immune (p<0.05) in groups Band C compared to the elements directed by both of these subsets of T healthy mice controls. During the 4 th weeks post-helper cells in the mouse. infection there was a significant increase in levels Leukocytosis was preferentially induced by of ADAI in group B compared to those of group mimosine in infected mice (23) . Thus the increase C (P<0.05).
in the number of cells was provoked by the The mean serum ADA2 activity during the inflammatory reaction that accompanies T. spiralis six weeks post-infection was significantly increased infection (5) . As mimosine acts as an anti-(p<0.05) in groups Band C compared to the inflammatory agent, it is possible that the healthy mice controls. During the 4 th weeks post-accumulation of leukocytes and eosinophils in the infection there was a significant increase in levels : peritoneal cavity is related to the decreased ability of ADA2 in group B compared to those of group . of cells to migrate into the muscle (24, 25) . Low C (P<0.05).
concentrations of adenosine, because of high levels The isoenzyme analyses in serum clearly' . of serum tADA, may promote neutrophil chemotaxis showed that the increased tADA activity during . to the site of infection (8, 10) . the six weeks post-infection in groups Band C· Activated eosinophils are an important source was mainly the result of increased ADA 1 activity. of the vascular permeability factor and of consequent eosinophil contribution to the local tissue edema. The ability of eosinophils and lymphocytes to cross the mesoendothelial layer of the peritoneal cavity may have been inhibited by the mimosine (26) (27) (28) . Adhesion molecules regulate the interaction of leukocytes with the endothelia of blood vessels into the tissues. The increased serum tADA activity in the present study, could well account for the less pronounced inhibitory effects of adenosine such as the expression of 132-integrins, adhesion and others (29) .
T helper cells play an important role in regulating immune and inflammatory responses through their ability to produce ADA (IO).
In our study, we found an increased number of CD4 cells, B lymphocytes and the adhesion molecules CDltb and CD18 during the 4 lh week post-infection in groups Band C in comparison with group A. In our results the interesting aspect was that the parasite appeared to stimulate strongly the CD4+ T cells as well as the immunoglobulin production, with limited involvement of CD8 cell mediated immunosuppression (30) (31) (32) . This finding leads us to propose that the L 1-T. spiralis antigen could be used as an adjuvant candidate.
The results of this study indicate once again that T cells playa role in the regulation of protective responses. Prophylactic administration of mimosine to T. spiralis-infected mice interfered with both the inflammatory and the immune response to the parasite (13) (14) (15) (16) (17) .
Adenosine deaminase is the enzyme that further metabolized the adenosine, which is a well known regulator of inflammation and has immunomodulatory effects (II, 12, 29) .
In our study, an increase in serum tADA activity has been found in groups Band C. Between groups Band C there was a statistically significant difference in levels ofserum tADA activity during the4 lh week post-infection because of the mimosine' s anti-inflammatory response.
The properties of the T. spiralis adenosine deaminase appear to be similar to those from heterologous sources. As infective larvae of T. spiralis cause extensive tissue damage during migration through the intestinal epithelium, high concentrations of nucleotides must be liberated with profound-effects on induction of local inflammation (S, 9) .
Analysis of ADA isoenzymes demonstrates that it is mostly the ADA type I isoenzyme which is preferably synthesized by injury tissues and monocytes on activation. ADA might be a positive regulator in the defense of T. spiralis infection by decreasing extracellular levels of adenosine, which are known to suppress T helper responses. Our results show for the first time that mimosine can increase tAD A serum levels, playing an important role in the susceptibility to T. spiralis infection. In the light of our previously published results (23, 24, 29) we believe that mimosine influences inflammatory parameters in T. spiralis infection.
In conclusion, the elevated activities oftADA may be a sensitive marker for infection of T. spiralis while the biological significance of this finding may be its use for monitoring the course of the infection.
